The application of bialaphos (phosphinothricyl-alanyl-alanine) effects a quick photosynthesis inhibition under atmospheric conditions (400 ppm C 0 2, 21% 0 2). However, under conditions (1000 ppm C 0 2, 2% 0 2) under which photorespiration cannot occur there is no photosynthesis inhibition. In the previous investigation it could be shown that bialaphos splits in plants into phosphinothricin and alanine. The inhibition of glutamine synthetase through freed phosphino thricin results in an NH4+-accumulation and a decrease in glutamine. With the addition of glutamine, photosynthesis inhibition by bialaphos can be reduced. An NH4+-accumulation takes place under atmospheric conditions as well as under non-photorespiratory conditions; though in the latter case, in less amounts. After adding glutamine and other amino acids the NH4+-accumulation increases especially. This indicates that NH4+-accumulation cannot be the primary cause for photosynthesis inhibition by bialaphos. The investigations indicate that for the effectiveness of either bialaphos or phosphinothricin, a process in connexion with photorespiration plays a consid erable role. The glyoxylate transamination in photorespiration could be inhibited, which results probably on a glyoxylate accumulation. Corresponding investigations showed inhibition of photo synthesis as well as a direct inhibition of RubP-carboxylase with glyoxylate.
Introduction
Two additional alanine residues distinguish bialaphos from PPT (glufosinate). Our previous in vestigations into the effect of bialaphos and PPT on N H 4+-assimilation enzymes show that, through cleavage of the alanine residues in bialaphos upon application to plants. PPT is also the only active herbicidal com ponent in bialaphos [1 ] , PPT inhibits photosynthesis under photorespiratory conditions (400 ppm C 0 2, 21% 0 2). U nder nonphotorespiratory conditions (1000 ppm C 0 2, 2% 0 2) no inhibition of photosynthesis occurs, although even under these conditions a notable quantity of N H 4+ is accumulated through GS inhibition [2] . In addition to this N H 4 +-accumulation, a process con nected with photorespiration appears to play an im portant role in the herbicidal effectiveness of PPT.
The purpose of this investigation was to examine the effect of bialaphos on photosynthesis and photo-
M easurement o f photosynthesis
Photosynthesis was m easured as the C 0 2 fixation rate by means of an infrared gas analyser as de scribed [4] , The experiments were performed on en tire plants and on excised primary leaves. The ex cised primary leaves could be fed with bialaphos and other compounds via the petiole.
Determination o f the content o f free ammonium
The assay is based on a reaction between NH4+ and phenol in the presence of sodium hypochlorite with formation of a blue phenylquinone monimine complex [5] . The concentration can be determ ined spectrophotom etrically at a wavelength of 625 nm. Addition of sodium nitroprusside as catalyzer inten sifies this reaction.
M easurement o f the electron transport rate (H ill reaction)
The isolation of chloroplasts was achieved accord ing to [6 ] ,
The electron transport rate of broken chloroplasts was m easured as photoreduction of the electron ac ceptor DCPIP. The final concentrations of the reac tion medium contained 50 mM tricine, pH 8.3, 50 itim KC1, 5 mM MgCl2, 5 mM K H 2 P 0 4, pH 8.3, 30 mM D CPIP, 10.9 ml H 2 0 . The reaction medium was dis tributed into two test-tubes. One test-tube was il luminated for 60 s and the other one was stored in darkness for the same time. The D CPIP reduction was determ ined spectrophotom etrically by 605 nm (e = 2 1 cm2 • [Amol-1).
Determination o f RubP-carboxylase
The RubP-carboxylase assay in a crude enzyme extract was described by Braun et al. [7] ,
M easurement o f catalase activity
The m ethod of catalase determ ination by means of the oxygen electrode was described by Del Rio et al. [8] ,
Results

Effect o f bialaphos on photosynthesis
M easurement with entire plants. Entire Sinapis alba plants were sprayed with either bialaphos solution or PPT solution and placed in darkness overnight. Then the photosynthetic rate was m easured. A fter 15 min a significant decrease of photosynthesis occurred in bialaphos treated as well as PPT treated plants (Fig.  1) . The m easurem ents were taken under atm os pheric conditions (400 ppm C 0 2, 21% 0 2).
H owever, under non-photorespiratory conditions (1000 ppm C 0 2, 2% 0 2) there were no photosynthe tic inhibitions in plants treated with either bialaphos or PPT (Fig. 2) .
Measurement on excised prim ary leaves. The photosynthetic rates of bialaphos treated excised pri mary leaves were measured under various concentra tions of C 0 2 and 0 2 (Fig. 3) . A 1 mM bialaphos solu tion was applied through the petiole. U nder atmospheric conditions (400 ppm C 0 2, 2 1 % 0 2) a strong inhibition of photosynthesis occur red very rapidly after application of herbicide solu tion. A bout 80 min after application, photosynthesis was almost completely inhibited.
However, under non-photorespiratory conditions (1000 ppm C 0 2, 2% 0 2) no inhibition by bialaphos was detected.
Further m easurements of photosynthesis were per formed under the following conditions after adding bialaphos: 1000 ppm C 0 2/21% 0 2; 400 ppm C 0 2/ 10% 0 2; 400 ppm C 0 2 /2% 0 2. The degree of intact ness of photosynthesis can be taken as an indicator for the suppression of photorespiration. The greatest decrease in photorespiration could be reached under 400 ppm C 0 2 and 2% 0 2. Total suppression of photorespiration could be achieved through simul taneous increase of C 0 2 content to 1000 ppm and decrease of 0 2 content to 2 %.
Effect o f glutamine on bialaphos toxicity
M easurem ents were carried out, in which different glutam ine concentrations were applied in addition to bialaphos (1 m M ) .
The measurements of primary leaves showed that, with increasing glutamine concentrations, the photo synthesis inhibition through bialaphos was reduced (Fig. 4) . The measurements were taken under atm os pheric conditions (400 ppm C 0 2, 21% 0 2).
Effect o f other amino acids on bialaphos toxicity
M easurem ents of excised primary leaves were car ried out in which asparagine, glutamate and glycine were added to the bialaphos solution. The amino acids showed a slight decrease in inhibition of the photosynthesis with bialaphos.
Glutam ine however, causes the strongest decrease in inhibition of photosynthesis with bialaphos ( Table   1) .
A m m onium -accum ulation after treatment with bialaphos
Im mediately after the gas exchange measurements, the N H 4+-content of bialaphos treated primary leaves was m easured. The treated leaves showed a clear increase of N H 4+-concentration (Fig. 5 ). There was an N H 4+-accumulation under normal atmospheric conditions (400 ppm C 0 2, 21% 0 2) as well as under non-photorespiratory conditions (1000 ppm C 0 2, 2% 0 2). A fter addition of various amino acids, there was a particularly high N H 4 +-accumulation.
Effect o f glyoxylate on photosynthesis
Instead of bialaphos, glyoxylate was given to the excised primary leaves. The glyoxylate concentra tions consisted to 10 m M and 30 m M and the measure m ents took place under atmospheric conditions (400 ppm C O ,, 21% 0 2).
With 10 mM glyoxylate, the photosynthesis inhibi tion was only slight. With 30 m M glyoxylate a strong inhibition occurred (Table II) . 
Effect o f bialaphos on the electron transport rate
The electron transport rate was m easured after ex posing bialaphos treated m ustard plants to light for different periods of time.
The measurements show that the photosynthetic electron transport via DCPIP is not inhibited by bialaphos (Table III) . As was shown in the previous investigation into the effect of bialaphos, bialaphos splits in plants into PPT and alanine [1] . Accordingly, PPT appears to be the only herbicidal active substance in bialaphos ap plication. It was therefore concluded that the herbici dal effects of bialaphos and PPT are the same.
Investigations on the effect of bialaphos and PPT on photosynthesis in whole plants have shown that, under atmospheric conditions (400 ppm C 0 2, 21% 0 2), the inhibition of photosynthesis with PPT and bialaphos proceeds quickly (Fig. 1) . U nder atm os pheric conditions bialaphos as well as PPT [9] show a rapid inhibition of photosynthesis in excised primary leaves (Fig. 3) . However, photosynthesis is not inhib ited with either bialaphos (Fig. 2, Fig. 3) or PPT (Fig.   2 ) under non-photorespiratory conditions ( 1 0 0 0 ppm C 0 2, 2% 0 2). Thus, photorespiration seems to play an im portant role for the effect of both bialaphos and PPT. This becomes particularly obvious after meas urem ents of photosynthesis using bialaphos in differ ent C 0 2 / 0 2 concentrations. The inhibition of photo synthesis by bialaphos decreases strongly with in creasing photorespiratory suppression. Similar results were previously obtained with PPT (Wild et al.,  unpublished results) . In different C 0 2/ 0 2 concen trations, the extent of inhibition of photosynthesis can be taken as an indicator for the intensity of photo respiration.
Earlier investigations have shown that bialaphos [1] , similar to PPT [10] , inhibits GS in vivo. A glutamine shortage and an NH4+-accumulation re sults through inhibition of GS. The glutamine defi ciency could be compensated by supplying exogen ous glutamine. Accordingly, the photosynthesis in hibition through bialaphos decreases significantly with increasing exogenously supplied glutamine con centrations (Fig. 4) . Again, similar results were ob tained with PPT and glutamine, the photosynthesis inhibition is likewise greatly reduced [2] , Glutamine reacts with 2-oxoglutarate catalyzed by the G O G A T to form two molecules of glutamate, the substrate of transam ination reactions. Thus glutamine deficiency results e.g. in general amino acid deficiencies. How ever, in contrast to glutamine, amino acids as for instance asparagine, glycine, serine, glutamate show only a slight compensating effect on the inhibition of photosynthesis through bialaphos (Table I) .
The N H 4+-concentration of bialaphos treated plants was measured. There was a high N H 4 +-accumulation for bialaphos (Fig. 5) and PPT [9] under atm ospheric as well as non-photorespiratory condi tions. An even further rise in NH4'-concentration was m easured after adding various amino acids to the bialaphos solution (Fig. 5) . Under non-photorespiratory conditions photosynthesis is not inhibited. Nevertheless, the N H 4+-concentration rises. Then, after adding glutamine to bialaphos or PPT solution there is a strong decrease in photosynthesis inhibi tion, though the N H 4+-accumulation increases a great deal (Fig. 4, Fig. 5) .
O ur results indicate that a toxic NH 4 +-accumulation is not the sole cause of the effectiveness of either bialaphos or PPT. A process occurring during photo respiration must play an im portant role in the inhibi tion of photosynthesis by either bialaphos or PPT. In order to gain more precise information, the following experim ents were carried out:
It was investigated w hether the catalase activity is inhibited by bialaphos. Catalase destroys toxic H :0 2 produced in photorespiration. However, catalase activity is not influenced by bialaphos (data not shown).
As stressed above GS inhibition results in glutamine and consequently in amino acid deficien cy. Thus the glyoxylate transamination in photores piration could be inhibited, which results in a glyoxy late accumulation.
Glyoxylate should inhibit RubP-carboxylase [11, 12] and the regeneration of RubP [13] , which leads to a photosynthesis inhibition.
In a corresponding investigation it was shown that glyoxylate inhibits photosynthesis, provided it was applied in high concentrations.
Preliminary experim ents indicate that the inhibi tion of RubP-carboxylase by glyoxylate could be the cause of photosynthesis inhibition. The plants were treated with 20 mM glyoxylate. A fter an acting period of 60 min there was a 56% RubP-carboxylase inhibi tion. Figure 6 gives a preliminary overview of the course of the herbicide effect of bialaphos based on the in vestigation results until now.
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